ABSTRACT. To determine whether there is any abnormalities of the p53 gene in chicken lymphoblastoid tumor cell lines derived from Marek's disease (MD), lymphoid leukosis, reticuloendotheliosis, and field tumors, some portions of p53 cDNA corresponding to core and C-terminal domains (nucleotide positions 277-1104 in the p53 open reading frame (ORF)) were sequenced. Several mutations were identified in both cell lines and field tumors. However, none of these mutations is localized at the "hot spot", which has been reported as the site for transformation-activating mutations. Moreover, partial cDNA clones with a 122-bp deletion in the p53 ORF were identified in two cell lines, MSB1 and MTB1 derived from MD tumors. Southern blot analysis showed that no deletion occurred in the genome of p53 in MSB1, indicating that deletion occurred at the transcriptional level. This deletion could cause a frame shift of the encoding p53 protein, possibly resulting in the generation of a functionally different p53 protein. However, we confirmed that p53 mRNA without deletion is also present in each of these cell lines. These mutations of the p53 gene and deletion in the p53 transcript may be ones of molecular changes specific to the transformation induced by MD virus. -KEY WORDS: Marek's disease, p53, RT-PCR, transformation.
demyelination of peripheral nerves [23] . The molecular mechanism of transformation by MDV has not been fully understood. Unlike retroviruses, MDV does not have any apparent oncogenes, suggesting that interaction of viral proteins with cellular oncoproteins or activation of cellular oncogenes are important for the transformation mechanism. Recently, it has been reported that Meq, which has a homology with members of the jun/fos oncoprotein family, could be a viral oncogene based on its potential role as a transcription factor [30] . In addition, the Meq protein has been shown to have a potential to interact with p53 [2] , suggesting possible involvement of this interaction in the transformation process by MDV. However, no information is available concerning the changes in the p53 gene of host cells related to transformation by MDV. Thus, to determine whether p53 mutations are involved in the neoplastic process of chicken lymphoma, we analyzed the molecular structure of chicken p53 genes and its transcripts in chicken tumor cell lines derived from MD, avian leukosis (AL), reticuloendotheliosis (RE), and field tumors. We here reported that tumor cell lines possess mis-sense mutations and deletion in the p53 transcript.
MATERIALS AND METHODS

Cell lines and tumor samples:
Ten chicken cell lines established from chicken lymphoma were used in this study, MD cell lines: MSB1 [1] , MTB1 [9] , JP1, JP2 [31] , HP1, HP2 [20] and RP1 [18] ; AL cell lines: 1104B1 [6] and CU10 [3] an RE cell line: Ku7 [22] . All cell lines were grown at 40°C in RPMI1640 medium supplemented with 10% fetal bovine serum, penicillin G (200 U/ml), streptomycin (200 mg/ml) and 2 × 10 5 M 2-mercaptoethanol. Tumor samples The tumor suppressor gene p53 plays a role in mediating the cellular response to DNA damage caused by γ-irradiation, UV, drugs and viral transforming proteins [5, 14, 33] . p53 can act as a transcriptional regulator and transactivate cellular genes through sequence-specific interactions with DNA containing the sequence, 5'-PuPuPuC(A/T)(T/A) GPyPyPy-3', typically in the context of two such sequence motifs separated by up to 13bp [4, 11] . At least two important biological pathway are regulated by p53 in connection with its function as a tumor suppressor. These are the induction cell cycle arrest at the G1 phase [10] , and the induction of apoptosis [34] .
The function of p53 is inactivated in many human and other mammalian tumors by several point mutations within the p53 gene itself. Most of these point mutations, causing conformational changes, are associated with a loss of DNA binding ability of p53. On the other hand, viral oncoproteins, such as simian virus 40 large T antigen [15, 21] , adenovirus type 5 E1B protein [32] , human papilloma virus type 16/18 E6 protein [24] , and hepatitis B virus Xprotein [28] , inactivated p53 through their formation of complexes with p53. The mutations and deletion of the p53 gene have been found in many kinds of cancers in mammalian species [12, 16, 19] .
Marek's disease virus (MDV) is a herpesvirus that causes a lymphoproliferative disease of chickens, which is characterized by malignant T-cell lymphoma and were obtained from the spleens and livers of 5 chickens which showed clinical signs related to MD in a commercial poultry house. Tumor samples were also obtained from 2 chickens purchased from Hokuren Co., Ltd., Sapporo, which were experimentally infected with a very virulent MDV, strain Md5, in our laboratory.
Preparation of total cellular RNA: Total RNA was isolated from cell lines and tumor samples using TRIzol (GIBCO-BRL, Gaitherburg, MD) following the manufacturer's instructions.
Reverse transcription and polymerase chain reaction: Extracted total cellular RNA (10 µg) treated with DNaseI (Boehringer Mannheim GmbH, Germany) was dissolved in 30 µl of reaction buffer containing 50 mM Tris-HCl (pH8.3), 40 mM KCl, 1 mM DTT, 3 mM MgCl 2 , 0.5 mM each of dATP, dCTP, dGTP and dTTP, 40 U of RNase inhibitor (Promega, Madison, WI, U.S.A.), 200 pmol Oligo (dT) 15 and 20 U of reverse transcriptase (RAV-2, Takara, Kyoto, Japan). The mixture was incubated at 42°C for 60 min for reverse transcription. Then, newly synthesized first strand cDNA (30 µl) was mixed with 70 µl of distilled water. For polymerase chain reaction (PCR), 10 µl of cDNA template was added to 40 µl of reaction buffer containing 20 mM Tris-HCl (pH 8.4), 50 mM KCl, 1.5 mM MgCl 2 , 0.8 mM each of dATP, dCTP, dGTP and dTTP, 30 pmol sense/ antisense primers (Table 1 , Fig. 1A ) designed from the previously reported chicken p53 cDNA sequence [26] , and 2.5 U of Taq polymerase (Pharmacia Biotech, Uppsala, Sweden). The PCR were performed on a thermal cycler (PTC-100, MJ Research, Watertown, MA) under the following conditions: one cycle of 4 min at 94°C, followed by 35 cycles of 1 min at 94°C, 1.5 min at 46, 48 or 55°C, and 1.5 min at 72°C, and a final 72°C 10 min extension cycle. The PCR products (10 µl) were separated on 2% agarose gels and visualized by staining with ethidium bromide.
DNA sequencing: The PCR products were purified by using Geneclean II kit (Bio 101, La Jolla, CA) and cloned into pGEM-T vector (Promega Corp., Madison, WI). Cloned inserts were sequenced on a 373A automatic sequencer (Applied Biosystems, Foster City, CA) using the Taq dye terminator cycle sequencing kit (Perkin-Elmer, Foster City, CA).
Northern blot analysis: For the detection of p53 mRNA, total cellular RNA (15 µg) from tumor cell lines and normal spleen were fractionated on a 1.5% agarose gel containing 1% formaldehyde in MOPS buffer, transferred to a nylon m e m b r a n e f i l t e r , ( H i b o n d -N + , A m e r s h a m , Buckinghamshire, UK), and hybridized with 32 P-labeled a NcoI-NdeI fragment of p53/8-9 cDNA in hybridization buffer (5XSSC, 5XDenhardt's reagent, 0.5% SDS, 50% formamide) at 42°C for overnight. The filter wes washed twice with 2XSSC/0.1% SDS at room temperature, three times with 0.1XSSC/0.1% SDS at 65°C, and subjected to autoradiography.
Isolation of DNA and Southern blot analysis: High molecular weight genomic DNA was isolated from normal spleen and MSB1. Cells were lysed in lysis buffer (20 mM Tris-HCl, 25 mM EDTA, 100 mM NaCl, 0.5% SDS, pH 8.0) containing proteinase K (1 mg/ml) for overnight at room temperature. The lysate was extracted with phenol and chloroform, then DNA was precipitated with ethanol. Approximately 10 µg of genomic DNA was digested with EcoRI, BamHI, or PstI, fractionated on a 0.8% agarose gel, and transferred to a nylon membrane filter. The filter was hybridized with p53/8-9 cDNA probe in buffer (0.5 M Sodium-pyrophosphate buffer, 1 mM EDTA, 7% SDS, pH 7.2) at 65°C for overnight. The filter was washed in washing buffer (40 mM Sodium-pyrophosphate buffer, 1% SDS, pH 7.2) at 65°C, and subjected to autoradiography.
RESULTS
PCR and DNA sequencing: PCR amplification of cDNA prepared from all cell lines, tumor samples, normal spleen as a control, using primer pairs p53-5 and p53-6, p53-11 and p53-12 resulted in production of 157-bp and 182-bp cDNA fragments, respectively (Fig. 1) . By using p53-8 and p53-9 primers, a 681-bp band was detected in tumor samples, normal spleen and all examined tumor cell lines except for MSB1 and MTB1. Instead, a approximately 600-bp fragment was amplified from MSB1 and MTB1 (Fig. 1) .
In the next experiment, we determined if the p53 transcripts from these chicken cell lines and tumor samples had any mutations ( Table 2 ). The nucleotide sequences of these amplified DNA fragments of p53 cDNA corresponding to the positions 277 to 1119 in the p53 open reading frame from all cell lines, tumor samples and normal spleen were compared with that of chicken wild-type p53 cDNA reported previously. Mutations were found in 9 out of 10 cell lines and one out of 7 tumor samples examined. A nucleotide C to T transition in codon 146 was found for MSB1, JP1, HP1, HP2, 1104B1, CU10 and Ku7 cell lines and one field tumor sample (G1), and this codon was changed from alanine to valine. For Ku7, codon 356 was also changed from G to T, resulting in transition of the codon from serine to isoleucine. Two-base-pair mutations were identified in MTB1, which resulted in the substitutions of glutamine for proline at codon 188 (transition from CAG to CCG), of valine for leucine at codon 202 (transition from GTC to CTC). A transition from C to T occurred within codon 253 (CGG to TGG) in JP2, resulting in a change of the encoded amino acid from arginine to tryptophan. A short form of p53 cDNA detected in MSB1 and MTB1: Since RT-PCR resulted in the amplification of a shorter p53 cDNA fragment than wild-type cDNA in two MD cell lines, MSB1 and MTB1 (Fig. 1) , the nucleotide sequences of the short forms were determined. These fragments were 559 bp in length, and the sequence encoding of the C-terminal part of the core domain including domain V was deleted (Fig. 2) . This deletion could cause a frame shift, possibly generating a different p53 molecules consisting of 268 amino acids. However, random sequencing of the amplified fragments from MSB1 and MTB1 showed that the p53 transcript without deletion is also present in each of these cell lines although the 681-bp fragment was not visible by the staining with ethidium bromide (Fig. 1B) . This short form of the p53 transcript was not detected in tumor samples obtained from chickens in a commercial poultry house or from chickens experimentally infected with MDV.
Northern blot analysis: To determine whether two types of p53 mRNA were expressed in MSB1 and MTB1, Northern blot analysis was performed (Fig. 3) . A p53 transcript of 1.8 kb was found in all tested cell lines and normal spleen as a control. However, it was impossible to detect two types of p53 transcripts in MSB1 and MTB1 because they are only 122-base different from each other.
Southern blot analysis: To estimate whether genomic alterations related to p53 gene expression occurred in the MSB1 cell line, Southern blot analysis was carried out (Fig.  4) . The genomic DNA from normal spleen and MSB1, digested with EcoRI, BamHI and PstI, and probed with p53/ 8-9 cDNA, had a 4.2-kb, and 5.3-and 3.7-kb bands, respectively. Similar to the result of Northern blot analysis, no deletion was occurred in the p53 gene of MSB1.
DISCUSSION
Mutations in the p53 gene has been shown in many kinds of mammalian tumors. These mutations were found within or around five conserved regions I, II, III, IV and V [26] . "Hot spots", in which mutations were frequently occurred, exist in these regions [7] . In this study, several mutations were found in ten cell lines derived from MD, AL and RE, and one field tumor sample (Table 2) . However, these mutations were not localized at the "hot spots". These results suggested that mutations of the p53 gene in chicken tumors may occur out of conserved regions, or that these mutations may not change the functional properties of p53.
It is of interest that a short form of p53 transcript was detected in MSB1 and MTB1 derived from MD. This short form was not detected in cell lines from AL and RE, suggesting that the presence of the short form of the p53 transcript may be one of molecular changes specific to MDV Tumor samples G1 to G5 were obtained from 5 chickens in a commercial poultry house, and H1 and H2 were obtained from chickens experimentally infected with MDV in our laboratory. ND, mutations were not detected.
transformation. This short form was produced by the deletion in the nucleotides encoding of the C-terminal part of the core domain, and it was expected that the deletion could cause a frame shift, possibly generating a p53 molecule with a different C-terminal domain (Fig. 2) . The C-terminal domains of p53 contains the nuclear localization signals [25] , the p53 oligomerization domain [27] and a domain mediating the non-sequence-specific interaction of p53 with DNA and RNA [29] . In addition, these domains represents the major regulatory domain of the p53 molecule, modulating sequence-specific DNA binding of central core domain of p53 [8] , and contains several phosphorylation sites by cellular kinases [17] . The biological significance of this short form of p53 transcript still remains to be established since we also confirmed that both intact and short forms of the p53 transcript are present in each of these two cell lines. However, the amount of the intact p53 transcript was very low in these tumor cell lines, and it is possible that the short form of p53 may have different function(s) from intact p53 if this protein is expressed in tumors.
Mutations or deletion in the p53 transcript may be caused by viral protein(s) of MDV, or the deletion may result from alternative splicing which might be dependent on cell cycle progression [13] . MSB1 and MTB1, from which the short form of cDNA was recovered, originate from primary Tcell lymphoma and are not transplantable, while other MD cell lines are derived from chickens transplanted with tumor cells. Thus, MSB1 and MTB1 cell lines are more similar to MD tumors in vivo, and the short form p53 mRNA could be involved in transformation in vivo by MDV. It also should be noted that this short form was not detected in the tumors obtained from chickens experimentally infected with MDV. This finding suggests that this short form may not be necessary for the initiation of transformation by MDV, but may be important for maintenance of the early stage of transformation by MDV. To confirm the fact that chicken lymphoblastoid cell lines possess the mutations and deletion in the p53 transcript, the genomic structure and mRNA of the coding region of p53 gene in many chicken tumors should be studied. The short form of p53 transcript might contribute to tumor formation through the regulation of cell growth, and to study the deletion mechanism of the p53 transcript would be important to obtain information on the transformation process by MDV. Fig. 4 . Southern blot analysis of the chicken p53 gene. Cellular DNA samples were prepared from MSB-1 (M) and normal splenocytes (S). These DNA samples were digested with either EcoRI, BamHI or PstI, fractionated on a agarose gel, and transferred to a membrane filter. Then, the filter was probed with a p53-specific probe. Numbers and arrow heads indicate the sizes (kb) and locations of molecular standard markers. 
